Ballistic-electron-emission microscopy (BEEM) spectroscopy has been performed on Au/Si(III)('_j)Z_,,AI/M<_) structures as a function of Au thickness and temperature.
At 77 K a direct signature of parallel "-".-'I "-_ momentum conservation at the Au/Si interface is observed in the BEEM spectra. The variation in spectral shape with both Au thickness and temperature places restrictions on allowable values of _ _ 7 _'/-_ inelastic and elastic mean-free paths in the metal, and also requires the presence of multiple electron passes within the Au layer. An independent indication of multiple reflections is directly observed in the attenuation of BEEM current with Au thickness.
[ There are several points concerning these observations which should be emphasized. First, this behavior appears for only thick Au and only at low temperature. Second, spectra for Au/Si (100) do not exhibit this low-temperature behavior. Therefore, the evolution of spectrum shape at low temperature cannot be attributed to a modification of the electron distribution by increased scattering in the Au. Moreover, spectra obtained at room temperature, where scattering is stronger, do no exhibit this behavior for either substrate orientation.
It is also important tO note that Au band structure effects are unlikely to be responsible for this effect. Evaporated
Au has been observed to be primarily of (111) orientation on both Si(100) and Si(lll) [4, 5] ;tructure is used for the Au layer, and an effective mass -nodel is used for Si with ellipsoidal constant-energy ,urfaces centered near the X points. Planar tunneling [16] s used for electron injection from the STM tip. A more ealistic treatment for tunneling has been introduced for he nonplanar STM geometry [17] . For a 3 eV work Unction, this yields a tunneling gap of s-6 A, and rang et al. [18] have pointed out that an energy width of i_0.2 eV is expected for the tunneling distribution. In the ,lanar tunneling model a value of s = 15 A, which has been previously used [I] to fit BEEM spectra, reproduces this energy width.
This value is used here.
In order to fit both the 75 and 300/_ data at 77 K, a rather narrow range of Ai0 proved to be suitable. The observed magnitude of It imposes a secondary restriction.
For excessively long or short values of Ai0, calculated currents are much larger or smaller than observed. It is encouraging that the range of Ai0 which provided the most consistent fit to the spectral shapes of the 77 K data also generated values of I,. which agreed with the observed currents.
The best overall series of fits was produced using Ai0 = 220/_. h,, was then added to model the roomtemperature spectra.
A value of A,, = 400 A was used;
this was dictated by Ai0 and by the observed Solid lines are fits to the data using the model described in the text. Vb = 0.82 eV was used at room temperature; 0.86 eV was used at 77 K. These values are derived from BEEM measurements on Au/Si(100); the increase at low temperature results from the change in the Si band gap. The calculated curves have been adjusted only slightly by an overall scale factor in order to obtain a best fit to the data. This scale factor ranges from 0.98 to 1.04 for the four spectra. Fig. 3 . Using the same model which was used _-_ to fit the individual BEEM spectra of Fig. 2 , an attenuation curve was calculated which is also plotted in Fig. 3 
